Introduction
The preimplantation period of development in the rat lasts for 5 days after fertilization; during this time the embryo is a free-living structure with a high requirement for energy, particularly during the critical differentiative event of blasto¬ coel cavity formation (Leese, 1991) . The embryos of the most widely studied species, the mouse, are thought to generate ATP during the preimplantation period via two major meta¬ bolic pathways: the oxidation of substrates via the tricarboxylic acid (TCA) cycle/oxidative phosphorylation, and the break¬ down of glucose via glycolysis to lactate (Brinster, 1967a; Wales, 1969; Biggers and Stern, 1973; Leese, 1991) . In mouse blastocysts freshly flushed from the reproductive tract, only 33-44% of the glucose consumed is accounted for by lactate production (Gardner and Leese, 1990; Gardner and Sakkas, 1993) . As the yields of ATP from oxidative phosphorylation and glycolysis are, respectively, 3& and 2 molecules per molecule of glucose, it may be concluded that in the pre¬ implantation mouse embryo, as in most adult mammalian cells, ATP generation from oxidative phosphorylation is quantitat¬ ively much more significant than that from glycolysis. Mouse embryos, in common with most mammalian cells, are therefore highly sensitive to inhibitors of oxidative phosphorylation such as cyanide (Thomson, 1967 
Materials and Methods

Embryo generation and culture
Rat embryos were generated and cultured as described by Brison and Leese (1991, 1993 
Morphological assessment
Morulae were cultured for 24 h from day 4 to day 5 after fertilization in the absence or presence of the inhibitors. At the end of this period they were scored as compacting morulae, early blastocysts (if the blastocoel cavity was less than fully formed), and blastocysts (if they were fully expanded). The total numbers of cells of blastocysts were determined using the polynucleotide-specific fluorochrome bis-benzamide to label cell nuclei (Handyside and Hunter, 1984 (Slater, 1963 (Slater, , 1967 Antimycin-A had no significant effect on development, and no effect on final blastocyst cell number, in a concentration range that inhibits respiration in rabbit blastocysts (Benos and Balaban, 1983 ) and cultured cells (Gauthier et ah, 1990) . No effect on development was seen in concentrations up to 0.1 mmol DNP 1_1, which effectively uncouple electron transport from ATP production in rabbit blastocysts (Benos and Balaban, 1980) and other cells (Slater, 1963 (Brinster, 1967b; Leese and Barton, 1984) . The pattern is reversed with development, such that blastocysts take up very little pyruvate, but large amounts of glucose (Leese and Barton, 1984) . This switch in substrate preference also occurs in the rat embryo, although cleavage stages before the eight-cell stage were not studied (Brison and Leese, 1991) . This finding suggests that oxidative phosphory¬ lation is important early in preimplantation development, in both mice and rats, and this is confirmed by the observation that inhibitors of oxidative phosphorylation are toxic to early mouse (Thomson, 1967) (Leese, 1988; Fischer and Bavister, 1993 (Brinster, 1979; Leese, 1991 Leese, 1989) . The oxy¬ gen tension in the uterine lumen may be reduced during the peri-implantation period (Fischer and Bavister, 1993) , and during subsequent implantation, the uterine decidual zone in the rat is devoid of capillaries (Krehbiel, 1937; Rogers and Gannon, 1981) , and presumably anoxic (Leese, 1989) . The pattern of LDH expression switches to the anaerobic isoenzyme LDH-5 in the implanting blastocyst (Brinster, 1979; Leese, 1991) . This second phase of preimplantation develop¬ ment is characterized by a low rate of pyruvate consumption, a high rate of glucose consumption and glycolysis (Brison and Leese, 1991) , and a potential independence from oxi¬ dative phosphorylation. This pattern persists through the immediate postimplantation stages (Clough and Whittingham, 1983; Ellington, 1987) 
